Background Sarcoidosis is a chronic, multisystem disease characterised by non-necrotising granulomatous inflammation of unknown aetiology. Most commonly, the lungs, lymph nodes, skin and eyes are affected in sarcoidosis; however, nervous system involvement occurs in approximately 5%-15% of cases. Any part of the nervous system can be affected by sarcoidosis. Cases Herein we describe three unusual patient presentations of neurosarcoidosis, one with optic neuritis, a second with hydrocephalus and a third with cervical myelopathy. Conclusions We include pertinent details about their presentations, imaging findings, pathology, management and clinical course.
INTRODUCTION
Sarcoidosis is characterised by granulomatous nodules, which primarily affect the lungs, lymph nodes and skin. 1 However, sarcoidosis is also known to affect other organs including muscles, bone, liver, spleen, nervous system, eyes and the heart, which account for its myriad of symptoms and presentations. With regard to the nervous system, neurosarcoidosis may affect any part of the central and peripheral nervous system. Approximately 5%-15% of patients with sarcoidosis have central nervous system involvement and more than 50% of patients with central nervous system involvement initially present with neurological symptoms. [2] [3] [4] [5] It may present in many forms including optic neuropathy, facial paralysis, meningitis, hydrocephalus, hypothalamic dysfunction, myelopathy, myopathy, peripheral neuropathy and encephalitis. It is a diagnosis of exclusion and is primarily seen in genetically susceptible individuals. 6 Very rarely does it present in the intraventricular space or cervical spine. 7 8 When it does, it can cause serious adverse outcomes such as lateral gaze palsy, 9 upward gaze palsy, 10 hydrocephalus 11 and potential herniation 12 if not diagnosed and treated early. Increased intracranial pressure in patients with leptomeningeal spread or intraventricular involvement is a rare complication of neurosarcoidosis. Both communicating and non-communicating hydrocephalus are potential sequalae of neurosarcoidosis; in the case of non-communicating hydrocephalus, this becomes a potentially lethal phenomenon and carries the worst long-term prognosis. 13 14 Patients with neurosarcoidosis affecting the cervical spine can present with upper limb radiculopathy and lower limb myelopathy. 15 It can often mimic spondylotic myelopathy, which is similar to age-related changes. 16 Occasionally hypesthesia and paraesthesia are present 17 with motor dysfunction in over 50% of cases. 18 Patients with neurosarcoidosis affecting the intraventricular space present with memory problems, confusion, nausea and speech disturbances. 19 Endoscopic biopsy has been shown to be the most effective in making a clear diagnosis. 20 Presence of neurological findings in patients with known sarcoidosis should prompt a work-up for neurosarcoidosis. Dubbed as the 'great mimicker', sarcoid is known to exhibit many symptoms, mimicking neoplastic, infectious and other inflammatory conditions thus making its diagnosis very challenging. Diagnosis of neurosarcoidosis with CT and MRI imaging is especially challenging due to non-specific signs. 21 MRI with gadolinium enhancement is the imaging of choice and may aid in making the diagnosis. Occasionally, biopsy of the brain, spinal cord or meninges is performed to confirm the diagnosis. 22 Here, we present three cases of neurosarcoidosis and discuss important features in relation to early diagnosis and management. Furthermore, we provide a detailed review of the literature and highlight important clinical points for consideration.
CASES Case 1
The patient is a 38-year-old African-American male who first presented for evaluation of visual deficits in autumn 2014, with sudden onset of visual loss in his left eye. He was diagnosed with optic neuritis that was temporarily relieved by steroids. In the spring of 2015, his visual deficit worsened again and was accompanied by pain. Neurology was consulted for evaluation of multiple sclerosis. At which time an MRI of his neuroaxis was done which revealed increased signal intensity on T2-weighted images in the left orbital nerve canalicular region, and in the left prechiasmatic region but no definite enhancement of the optic nerve. An enhancing mass at C5-C6 and four additional, smaller enhancing masses in the thoracic spinal canal were seen (figure 1). These appeared to be intradural, extramedullary lesions. The patient reported new onset left forearm paraesthesias. Patient underwent a unilateral C6 laminotomy with a partial C5 and C7 laminotomies for removal of the extramedullary mass. The mass was sent to pathology and found to be non-necrotising granulomatous inflammation consistent with sarcoidosis (figure 1). Patient was placed on prednisone 50 mg oral once per day for 4 weeks. He recovered well from surgery and repeat imaging 2 months following surgery showed resolution of the previously noted lesions. Of note, thoracic CT showed scattered nodular densities bilaterally but no mediastinal or hilar lymphadenopathy. Serum calcium was 9.3 (normal), serum ACE was 85 (elevated) and ACE was not detected in cerebrospinal fluid (CSF).
Case 2
The patient is a 26-year-old African-American male who presented in spring 2015 following seizure-like activity and decreased level of consciousness associated with bowel and bladder incontinence and vomiting. A non-contrast CT of the brain in the Emergency Department (ED) revealed obstructive hydrocephalus. An MRI with and without contrast of the brain was subsequently ordered but the source of the hydrocephalus could not be determined at that time. An extraventricular drain (EVD) was placed with an opening pressure of 22 cm H 2 O. The patient's intracranial pressure remained stable, the EVD was removed 1 week after placement and the patient was discharged. Notably, serum ACE was 35 (normal) and was not detected in the CSF. Serum calcium was 9.5. CT of the chest showed mediastinal and hilar lymphadenopathy. At his follow-up visit 1 month later, the patient reported light headedness and blurry vision with activity. A non-contrast CT of the brain revealed obstructive hydrocephalus; therefore, a ventriculoperitoneal shunt was planned along with fenestration of the septum pellucidum. Two days prior to his scheduled surgery, the patient presented to the ED confused and lethargic. Repeat CT of the brain was performed, which revealed hydrocephalus and an emergent EVD was placed (figure 2). After review of his previous MRI of the brain, it was noted that there was enhancement along the third ventricle and foramen of Monroe, though difficult to distinguish from the choroid plexus (figure 2). The patient underwent an endoscopic resection of this enhancing mass and pathology revealed non-necrotising granulomatous inflammation in the choroid plexus consistent with sarcoidosis (figure 2). Since the foramen of Monroe was widely opened, a ventriculoperitoneal shunt was not placed and the patient was started on prednisone 50 mg oral once per day for 4 weeks. Postoperative imaging revealed resolution of the hydrocephalus. One month following surgery, he reported improvement in his headaches and repeat imaging was stable with decreased size of his ventricles.
Case 3
The patient is a 50-year-old Caucasian female who presented in spring of 2016 with a chief complaint of numbness in bilateral upper extremities and neck stiffness lasting 3-4 weeks. Patient also complained of clumsiness when ambulating and dropping objects from her hands. Patient initially presented to outside hospital and was transferred to our facility after a cervical intradural extramedullary spinal tumour was diagnosed. MRI of the cervical spine showed an enhancing mass extending from C1 to C3 with bilateral enhancement around the lower medulla and extensive T2 signal changes in the cord. Thoracic CT showed bilateral hilar masses, MRI of the brain was unremarkable besides redemonstrating the enhancement in and around the medulla, MRI of the thoracic spine and lumbar spine was unremarkable (figure 3). Serum ACE was 26 (normal). A lumbar puncture was performed with an opening pressure of 26 cm H 2-O. Multiple sclerosis studies were performed on CSF and were found to be negative and ACE was not detected in the CSF. In Figure 2 Case 2: Non-contrast CT of brain axial view revealed hydrocephalus (A). T1-weighted Gd-enhanced coronal view demonstrated contrast enhancement along the third ventricle and foramen of Monroe, it was difficult to distinguish the mass from the choroid plexus (B). Sections from the intraventricular biopsy demonstrate non-necrotising granulomatous inflammation involving the choroid plexus (bottom left; original magnification ×40). As in case 1, stains for acid-fast and fungal organisms were negative (C). addition, CSF cytology was negative for malignancy. Serum calcium was 9.2. A lymph node biopsy was performed from the hilar lymph nodes and revealed non-necrotising granuloma consistent with sarcoidosis. The patient was started on methylprednisolone and noted improvement in her symptoms after 2 days and continued to improve over her hospital course and was ambulating with minimal assistance on discharge. The patient was switched to prednisone 50 mg oral once per day for 4 weeks. Repeat MRI of the cervical spine on follow-up showed significant decrease in size of the enhanced intradural lesion.
DISCUSSION
Neurosarcoidosis is a disease of unknown aetiology and is defined by granulomatous material with T lymphocytes and phagocytes that damage surrounding tissue. 23 Neurosarcoidosis is diagnosed by the exclusion of other possible aetiologies making it difficult to detect and diagnostically challenging. 24 It is commonly seen in individuals between the ages of 20 and 40, is more prevalent in African-Americans and affects women more than men. 25 Importantly, in patients with no known systemic disease, a biopsy of the abnormal area may help establish the diagnosis of neurosarcoidosis. In the cases above, imaging alone was insufficient to make a diagnosis and these insufficiencies have been reported previously by Nowak and Widenka. 26 For neurosarcoidosis presenting as an intradural extramedullary mass in the cervical spine, a laminectomy was performed with biopsy confirming the diagnosis and patient was subsequently treated with prednisone and his thoracic lesions resolved.
Similarly, for neurosarcoidosis in the intraventricular space and diagnosis after biopsy, the patient was treated with prednisone and this mitigated the need for a ventriculoperitoneal shunt.
It is important to consider the variability in presenting symptoms. Zajicek and colleagues provided diagnostic criteria for neurosarcoidosis and categorised the findings into possible neurosarcoidosis, probable neurosarcoidosis and definitive neurosarcoidosis. 27 An adaptation of the previously proposed criteria by Zajicek is described here. Possible neurosarcoidosis was defined as clinical presentation suggestive of neurosarcoidosis after alternative diagnoses have been excluded and the presence of positive nervous system histology. Probable neurosarcoidosis was defined as a clinical presentation suggestive of neurosarcoidosis with laboratory support for central nervous system inflammation, exclusion of alternative diagnoses and evidence for systemic sarcoidosis. Definite neurosarcoidosis was defined as clinical presentation suggestive of neurosarcoidosis with exclusion of other possible diagnoses and the presence of nervous system histological evidence of aroid.
In case 1, optic neuritis was the presenting symptom with subsequent paraesthesias and diffuse weakness. Optic neuritis can be the presenting symptom of sarcoidosis over 50% of the time. 28 In case 2, the patient presented with symptoms associated with hydrocephalus and mass effect. When the symptoms are life threatening, such as obstructive hydrocephalus or presence of myelopathy, surgery is warranted. 29 Immunosuppression has been the mainstay of treatment for neurosarcoidosis, and corticosteroids are considered first-line agents. However, not all patients will respond to corticosteroid therapy. 30 In patients refractory to corticosteroids or with a contraindication to corticosteroids, alternative therapeutic agents may be considered. Methotrexate, mycophenolate mofetil, azathioprine, ciclosporin, cyclophosphamide, chlorambucil, pentoxifylline, hydroxychloroquine, thalidomide, infliximab and adalimumab have been previously used in the management of neurosarcoidosis. 31 In cases of neurosarcoidosis-induced hydrocephalus, it is often necessary to use shunts or EVDs in conjunction with corticosteroid treatment. 8 In cases of spinal involvement, if amenable, surgical decompression should be should be performed along with postoperative corticosteroid treatment. 4 In refractory cases, radiation therapy has been used to some success in patients with pituitary and hypothalamic involvement; however, its role in the management of the many forms of neurosarcoidosis has yet to be fully explored. 32 
33

CONCLUSION
Neurosarcoidosis poses diagnostic challenges and potential for significant morbidity in the patients it affects. We present three cases of cervical and intraventricular neurosarcoidosis, respectively. The importance of clinical suspicion and biopsy is emphasised as well as consideration of other potentially affected organs. 34 Sarcoidosis must be a diagnostic consideration in patients with unusual presentations and imaging findings. A definitive diagnosis requires a tissue biopsy and should be performed in suspected cases of sarcoidosis. Once neurosarcoidosis is diagnosed, it is important to initiate treatment and follow patients both clinically and radiographically to assess their response to therapy.
Main messages
▸ Neurosarcoidosis can present in multiple ways and must be considered when other etiliologies have been ruled out. ▸ Definitive diagnosis must be made by biopsy. ▸ Corticosteroids are the mainstay of treatment.
Self assessment questions
Please answer true or false to the below statements.
1. Sarcoidosis is a chronic, multisystem, infectious disease, characterised by non-necrotising granulomatous inflammation of unknown aetiology. 2. Communicating and non-communicating hydrocephalus are potential sequalae of neurosarcoidosis. 3. Neurosarcoidosis presenting as non-communicating hydrocephalus is usually self-limiting. 4. Neurosarcoidosis presenting as cervical myelopathy may require decompression to prevent further neurological deficit. 5. Radiological evidence and patient presentation is sufficient to confirm the diagnosis of neurosarcoidosis.
